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ABSTRACT 


The Whitecourt Forest in the Province of Alberta was 
selected for a study of the relationship between the 
atmospheric parameters and the occurrence of lightning over 
the region. ~The surface and upper-air data from Sao 
Plain, Alberta were taken to represent the air overlying the 
Whitecourt Forest. The summer days lor*a perioca~ol five 
years Were classified into major, minor, and no-lightning 
days. The mean values, range of values, and the frequency 
distriputi ons formssome stability indicés and forecasting 
parameters are presented for-each lightning class. “A linear 
relationship between the forecasting parameter and the 
probability of siehtning occurrence is eiven for most of 
the indices studwed™ “An “upper-wind “analysis 15 made for 
winds at the standard isobaric levels 850, 700, 500 and 300 
mo. the effect of the vertical wind shear on thunderstorm 


occurrence is also noted. 


The study shows that the weather parameters and 
stability indices derived from Stony Plain data distinguish 
between lightning and no-lightning days in the Whitecourt 
Forest. The results can be used to give a more successful 


forecast of Iiehtning. 
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CHAPTER ONE 


INTRODUCTION 


Lightning activity is a very common phenomenon in 
Alberta summer storms. Because lightning is a direct cause 
of forest fires when dry conditions are present, the 
Department of Lands and Forests in Alberta has made extra 
eff ortsitoampnovessorecasts. of,.lightning.,.; Providing, the 
forestry staff in the field with a reliable forecast of 
lightning occurrence along with the accompanying weather 
conditions such as wind, gusts, precipitation» etc., the 
necessary preparations can be made to prevent the extension 
of a possible fire and minimize the efforts expended and 
loss of money. 

in. order to improve the prediction of lightning 
occurrence, it is necessary to study the weather conditions 
prion towand during, the, lightning.storm forsa: large;number of 
storms. . Conclusions may then be made about the favorable 
conditions. for lightning..occurrence: and also ‘some, stability 
indices can be determined to provide the forecaster with a 
useful guide about. the probability, the intensity,.the time, 
and the area of lightning occurrence. 

In this study the area of Whitecourt Forest, as shown 
in Figure 1.1, was selected to apply some of the stability 
indices and forecasting parameters which have proved useful 


in predicting severe thunderstorms over many localities of 
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the world (see for example Miller, 1967). The research was 
made to discover a distinction bétween the values of these 
indices on days of lighning activity and days free of 


lightning in the Whitecourt Forest. 


SOURCES OF DATA 


The Alberta Forest Service operates ten fire lookouts 
in the Whitecourt Forest. The lookout men whose primary 
job is detecting forest fires are also providing the weather 
division of the Alberta Forest Service with some useful 
information about the prevailing weather conditions. The 
observational program starts in late April and terminates 
in early October every year. The lookout men do not observe 
during the night.4 bightning is one of their main concerns 
in watching the weather. A lookout man who observes 
lightning within 25 miles completes a storm report and mails 
it. to the headquarters in Whitecourt. These reports were 
used In, this study to make a subjective classification of 
lightning and no-lightning days. 

The meteorological upper air station of Edmonton Stony 
Plain, which is, operated by the Atmospheric Environment 
Service, is the nearest upper air station to the area of 
concern. It is also believed that Edmonton upper air data 
reliably represent the air overlying the Whitecourt Forest 
on most if not all summer days. Data from Stony Plain (766 
m above MSL) were then used to study the vertical temperature, 


moisture, and wind distribution and to determine the values 
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of the different stability indices and weather parameters. 
The months of June, July and August over a period of 
five veakss.1906,80sl970. eonstituped,a.total of 460 days 
with which to make the required analysis of lightning 
Weathelw) —peCoUlsemne sme CeOrolocical station of stony Pilain 
measures the upper air weather parameters twice every day, 
at 0500 and 1700 Mountain Standard Time, these were the 
two observations used to study the weather conditions, on 
days or lrenrning and@deys of no Lightning. 
The approximate locations of the fire lookouts of the 
Whitecourt Forest are shown in Figure 1:1. The figure’ shows 


alse the Vocation ore, vonyy Plain; Alberta. 


CLASSIFICATION OF DAYS 


Among the 460 days used in this research there was a 
Limited number of days characterized by lightning activity 
imeathe.Whitecourtresion:,.The,.first classitication was 
made for each individual lookout. Any report from the look- 
out man stating that any type of lightning was observed 
within«25 miles»atuany time of a-day, identified-this day 
aso! Lightning saves orethiss specific Leqkout.,pAnfurther 
classification was made for the whole region. A lightning 
day for .50.per cent or more of the total mumber of Tookouts 
was eaid,.to be.a, "major lichtning day". Days c+having less 
than 50 per cent of the lookouts reporting lightning were 
termed "minor lightning days". A third class was made of 


those days on which none of the lookouts reported lightning 


ayeb pan or r) podudttanoo oy, evi’ 
griinsdgtf to ateylans betiupet arid adam ot toton 60 
atsl[d wears to hofisie Isotgoforeetem sit sausood =. 


edit stow agents omit? prsbnste oistavoM OOTL bas 0080 
0 sanotstbaos qortdeew odt ybite o¢ boew attoktevtesdo © 
-sntt@dgil on to aysb bas gttaddgtt To eyes 

eit to atbowool erit sd¢ Yo enotssool otsmtxorggs ont <i 
ewode stuait oAT .f.1 Saitatt at awoda sts $e5507 t1099 Fri 


.ptvedGA ,~ateit ymos@ to noftsool srg 


avyAG #0 WVOTTAOTTLes 


6 ssw o1sdt dotesvet etd? of beau aysb 0d! edd gnomA 

ydivises aninidgil yd besttesosterts eysb to asdaea bes ’ va . 

| eaw motssotileesis ¢gertt oAT .notgst tayooediAw 

«Wool sft moxt gaoqe1 yal .duoxdool Isvbivibsi doss sot 6 

bevteedo esw aninitdgil to sqyd yis sad? gatieta asm 3 

| ysb abrid botitdnebt ysb s to omt+ yns ts zeltm eS ’ 

teddit A .dvoslool ofttosqe atid 102 “ysb antaddg ti" 

paketayet A ,notge: sionw ent tot sbsm asw noitsoltte 

| eduodoos to tedmun Ustot sid to som to tne seq oe aot 

eeel gnived eyed ."ysb aninddgil solemn" s od oF bisa a 

| stow gaietdgte anttsogex eduonlool sit Yo tna. 19q oe 
| Ye oben gew eeBio ; 

bard | : ieadtad =F tse pate 


7 


noe 


activity. These were said to be "no-lightning days". 
According to this classification, there were 99 major days, 


100 minor days and 261 no-lightning days. 


ANALYSIS OF DATA 


The temperature at the surface and at the upper pressure 
levels, the station surface pressure, the low-level moisture, 
the height of 500-mb level and the upper wind data were 
ever “au*0500end P00 MST Tor al P days im .eacn class: 

These weather measurements from Edmonton Stony Plain in 
addition to other stability indices derived from them were 
used in the following analysis to determine any significant 
change in their values, pattern or behaviour between days 
Chen errehntning and= days ‘of Lightning activity in the 
Whitecourt Forest. Also, an attempt is made to provide the 
forecaster withha @ouide in making his’ prediction of lightning, 
for example, by determining the threshold values of the 

Svavri Mey Ind ces Lor Lhe occurrence of a “ightning day, 

by determining a linear relationship between each stability 
iidex "and tne probability of Wiehtning occurrence, “and “by 
Studying the vertical wind pattern and wind shear on 
Mrentiine daya 1orme‘each ot 0500 MST and 1/00 MST observations. 

The reader should note that the "significance" of the 
differences between values of indices of the various lightnin: 
classes has not been determined by means of statistical tests. 
The term "significantly different” is used, however; in this 
work to indicate that the observed differences seem to be large 


enough to suggest their usefulness in practical applications. 
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CHAPTER TWO 


STABILITY INDICES AND FORECASTING PARAMETERS 


THE VERTICAL TEMPERATURE PROFILE 

The therma Wesuructure of the air plays an important 
role in thunderstorm occurrence. The actual temperature 
Controls the abilivy sot the air to Contain and transport 
MOLsture. “in negmiy all cases of major severe thunderstorm 
outbreaks, little cooling occurs at 500 mb over the threatened 
area. Pinesrealitly. colieoL warming Through advection or the 
relegsewor laventmncau as. Ilukely to occur. As long as heat 
and moisture are added to the lower levels of the air mass, 
slight warming in the mdagle and. upper fevers wilt nor 
Ticreas: bie Actua stability. . Table 2a ecives the mean 
Temperature at Che surtace and at the upper pressure levels 
for major, minor and no-lightning days. 

figures: 2. tana 2.2 ‘show the temperarvure: Gtstripueion 
eiver in Table, 2. for’'0500° MST and F700 Maly respectively,; 
plotted on a ‘tephigram. It is seen from the figures as 
well as from Table 2.1 that the temperature is warmer’ at 
almost all levels for the days of lightning activity than 
Lor che o-l lentnine days. lt “ts "alsocleam thay the 
warming during the day takes place at the lower levels on 
Tientning days with i1tcle “chanze av the iieher “Levels. 
On’ the other hand Pa “stenificant iInerease “in "temperature 
occurs at higher levels on the days free of lightning. 


On days of minor lightning where the warming at the lower 
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TABLE 2 sl 


Mean temperature at the surface and upper pressure 


levels, classified according to thunderstorm occurrence. 


0500 MST 1700 MST 
MAJOR MINOR NO MAJOR MINOR NO 
SURFACE eae bln ef Oa Olea 1 ba} 18.9 
900 mb IGP A 1139 £O0 Lf 28 IU se 
850 mb La LeN 9.4 14.8 Ke8 i 
800 mb LOL re Ore! PO 8.9 f=} 
700 mb 230 Looe, 0 ey ee Cee 
600 mb -6.7 -7.0 -8.2 -6.1 -6.9 -7.0 
500 mb -15.8 -15.9 -16.8 a aera) —A6.1 <15 v7 
400 mb -27.7 -27.7 -28.4 -27.1 -27.8 -27.6 
300 mb -43.2 -42.8 -43.7 -42.5 -42.8 -42.7 


layers 25 not abemuchwas it is for other\days,. the higher 
levels gew slight coeling during the day to, assist ststanil]— 
ity to develop. 

Let us examine the difference in temperature between 
the different Jightning classes more closely. . At. 0500 Ms? 
major days have warmer temperatures than no-lightning days 
by about 2.5 to 4 C from the surface up to 700 mb and by 
smaller amounts at higher levels. Minor days are warmer 
than no-lightning days by 2 to 3 C up to 700 mb. “Whe 
maximum difference between classes is found to be in the 
850— to 800-mb layer. At 1700 MST the difference between 


major and minor days becomes more significant at lower 
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Figure 2.1 - 
Mean Edmonton soundings for major lightni 
ning and 


no-lightning days at 0500 MST 
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2.2 - Mean Edmonton soundings for major lightning and , 


no-Lightning days at 1700 MST. 
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levels while that between minor and no-lightning days 
appears to be less than at 0500 MST. Here the largest 
difference between classes is found near 800 mb. 

From Table 2.1 one notices the inversion of temperature 
au the vsurtace which G€xists for ali elasses at 0500 MoT. 
Tt 1sapGern, to.be only,.0. 6. C. strongenon major days than 
on no-lightning days and one cannot be sure to what extent 


such -a-small ditterence would affect the storm intensity. 


THE LOW LEVEL MOISTURE 


Large quantities of moisture must be available before 
the occurence of thunderstorms. When water vapor exists 
im the. Lower layers of the atmosphere, it helps. in warming 
(ips Goewaidy because iol SLLS direct absorption of solar radi— 
pe on jand. 4b. thensne bos, in, decreasing, aim density... An 
increase of water vapor has then the same effect as increasing 
temperature. When a parcel of air rises, condensation of 
water vapor will occur above the lifting condensation level 
and cleuds will form. The heat ‘released by the ‘condensation 
of water vapor represents the major contribution of energy 
required for a thunderstorm occurrence. 

Table 2.2 shows, thes mean moisture contents abpethe surface, 
900-, and 850-mb levels for each class, at 0500 and 1700 MST. 
The table shows that moisture at the lower levels is higher 
on days of lightning activity than on days free of lightning. 
An examination of daily values showed that a surface mixing 


ratio of 8 g/kg or more was found on 65 per cent of the 
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major lightning days and 59 per cent of the minor days 


versus 62).per cent of the no-lightning days at 0500 MST. 


LABLEA 2. 2 


Mean mixing ratios at the lower levels of the 
atmosphere for different lightning classes. Values 


OL maxing@=ratio are given in. ¢/kes 


0500 MST L700 MST 
MAJOR MINOR NO MAJOR MINOR NO 
SURFACE U0 (arn Gear, Geib 8.0 6.8 
900 mb T.5 To (a (OG (ME 6.0 
850 mb bi. 0 b.0 5.0 6.6 6.0 Pia 


Similar results were found at 1700 MST. Also by examining 
the mean mixing ratio throughout the lowest 50-mb layer 
it is found that the low-level moisture was high on a large 


portion of lightning days as shown on Table 2.3. 


TABLE t2..3 


The proportion of major, minor and no-lightning days 
whensmixing ratio at the surfaee and in the lowest 


50ems was 8 @/ke or moré ~-Proportaions are piven in 


percentage. 
0500 MST 1700 MST 
MAJOR MINOR NO MAJOR MINOR NO 
SURFACE 65 ae 52 10 57 35 
LOWEST 50 mb 48 47 18 SiS 43 20 


The probability of lightning’ for “any specified mixing 


ratio was determined by the ratio of the number of days 
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Figure 2.3 - The lowest 50-mb mixing ratio versus the 


probability of lightning occurrence (0500 MST). 
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Figure 2.4 - The lowest 50-mb mixing ratio versus the 


probability of lightning occurrence (1700 MST). 
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13 
with lightning divided by the total number of days reporting 
the specific mixing ratio. The resulting probabilities at 
different mixing ratio values were then used to determine 
a linear relationship between the mixing ratio and the 
probability of lightning occurrence by the least squares 
method. ,Figures_2.3 and.2.4 show the mixing ratio of the 
lowest 50-mb layer versus the probability of lightning for 
0500 and 1700 MST respectively. From the two figures one 
can realize that either figure may be used to give the 
probability of lightning occurrence at each given mixing 
ratio. In other words, given the 0500 MST mixing ratio 
averaged over the lowest 50 mb one can use Figure 2.3 to 
predict whether the day will be a lightning day or not. 

The only noticeable difference between the two figures is 
that) the probability of major: Lightningrstartsrfrom zero 
anys gVke mMixingrratao att O500yMSTiwhitlerithstartss from zero 


atliee/keeat 1700F MST. 
THE SURFACE PRESSURE 


A large number of lightning storms accompany low- 
pressure systems and reach their maximum intensity along 
cold or warm fronts. The decrease in surface pressure 
has always been an indication of a cyclone moving into the 
area. The surface pressure may be used as a restrictive 
parameter because it has been noticed that the incidence of 
severe storms is sharply reduced as the surface pressure 
rises above a certain value although other parameters may 


be present in strength and number. 
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Table 2.4 gives the mean station pressure at Edmonton 
Stony Plain (766 m above MSL), standard deviation, and 


Vanes Of Values) tor the different lisntnine classes, 


TABLE 2.4 


Mean station pressure (millibars) at Edmonton Stony 


Plain (766 m) according to thunderstorm occurrence. 


0500 MST 17 GO MST 
MAJOR MINOR NO MAJOR MINOR NO 
Mean sur. 
press.” 924.3 O23 2 926.0 922.8 922. G25'.7 
Standard 
dev. 44 Eieatl js Dag Sas Eee 
Minimum 915 Oda ens) Q9le2 908 909 
Maximum 934 938 939 Ga5 SER 939 


Lightning days réported a lower mean surface pressure than 
days free of lightning activity. However the range of 
Values, particularly for minor days, seems vo be nearly the 
eane res tor no-lieghtnine days. ‘Obtained Grom a irequency 
dicuripuuLon Gi the actual station pressures, [ante ao 
gives the percentage portion of lightning and no-lightning 
days that reported a value of 924-mb or less and a value of 
930-mb or more. From the table it can be seen that surface 
pressure has some significance in predicting lightning. It 
can also be observed from Tables 2.4 and 2.5 that vney 
lightning cecurs at. lower and higher surface pressures than 
major lightning. This would suggest that surface pressure 


as a forecasting parameter is less important on minor days 
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than on major days. 


TABLE 2.5 


Proportion of days having a station pressure of 924 
mb or less and of days having 930 mb or more for each 


lightning class (per cent). 


0500 MST 1700 MST 
MAJOR MINOR NO MAJOR MINOR NO 
924 or less 53 63 4O 67 66 ha 
930 or more 13 18 35 is 12 30 


The daily station pressure represented by the mean of 
0500 and 1700 MST observations at Edmonton Stony Plain 
(766 m) was used to form a probability distribution of the 
incidence of either major or minor lightning. The linear 
relationship between the station pressure in millibars and 
tne probability in per cent. 1s shown on Mieure 2.5 Ad a 
suony Plain station pressure of, 915 mb or Jess. woe, proband lity 
of a lightning day is more than 70 per cent without regard 
to other indices. The figure also shows a probability of 
10 per cent or less that lightning occurs when the mean 
Stony Plain station pressure for the day is 940 mb. In 
fact, lightning was not observed when the pressure was above 


936 mb. 
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Figure 2.5 - The mean station pressure for the day versus the 


probability of having either major or minor lightning. 


THE 12-HOUR CHANGE IN SURFACE PRESSURE 

This parameter reliably indicates major changes or trends 
in the surface pressure pattern and valsovrer Lects: amportans 
changes aloft. If it would be possible to study the 12-hour 
fall in surface pressure over an area, this parameter would 
have been useful in providing clues to the probable areas 
of maximum low-level convergence and changes in the low-— 
level wind field as well as aiding in predicting the rate 
of change of low-level heat and moisture. In most productive 
situations it does appear that pressure falls over a wide- 
spread area are less important than a pattern of more 
concentrated falls (Miller, 1967). In the present study 
we are dealing with only one station and it is the purpose 
to detect the relationship between the 12-hour change in 
station pressure and lightning occurrence. 

Table 2.6 gives the mean, standard deviation, and range 


of values for the 12-hour change in surface pressure at 
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ptony Plain. 


TABLE 2.6 


The 12-hour change in surface pressure (millibars) 
for different, Jiehtning classes. 


1700 Mal 20,0500 MST 0500 MST. to Ly7o0 MST 

MAJOR MINOR NO MAJOR MINOR NO 
Mean -0.5 -0.4 eae de) -0.4 -0.2 
peas dev. eare? Sian 550 245 2.9 eae! 
Minimum —8 -§ =9 2 7/ -9 -10 
Maximum 5 8 13 6 ff 10 


From the table it is clear that major lightning is associated 
with the largest mean rate of fall in surface pressure and the 
smallest. range of values» compared to other classes. “As®a 
nesuitee of Table Qe6eitecan biessaiide that? majormidligntning 
days, on the average, are associated with a\l2=-hour' fall in 
surface pressure of 0.5 mb at 0500 MST followed by another 
falls of asS mb atc1700 MST... Minor: days,com thesaverage, 
are associated with a 12-hour fall of 0.4 mb at 0500 MST 
followed by another fall of 0.4 mb at 1700 MST. No-lightning 
days, Om the othershand; aresicharactenmizedrbyniar le=hour rise 
in surface pressure of 1.3 mb at 0500 MST followed by a small 
chanse Sf abtiallwofl 0e2embs atowy7o0 MST. 

The frequency distribution of the 12-hour change in 
surface pressure also shows a distinction between lightning 
and no-lightning days. Table 2.7 shows the proportion in 


per cent of days that reported a 12-hour fall in surface 
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pressure and that reported a rise of 3 mb or more. 


TABLE 2.7 


The proportion of days which reported a_-pressure fall 


or rise in the preceding 12 hours (per cent). 


0500 MST 1700 MST 
MAJOR MINOR NO MAJOR MINOR NO 
FALL 48 52 ey 66 52 7 
Rise ot, 3 
mpwor (more wr 15 22 34 ii 15 Kd 


From the table it is seen that a larger proportion of 
lightning days is characterized by a 12-hour fall in surface 
pressure while a smaller proportion of lightning days reported 
a pressure rise. vihe rate of fall increases in general, 
during the day because of the effect of diurnal variation 

on surface pressure. This effect is felt more on the days 
free of lightning activity. On major and minor days when 
other factors such as the movement of low-pressure and 

frontal systems become more important the diurnal variation 
has tess significance. 

The 12-hour change in surface pressure has some 
correlation with other parameters discussed before. The 
correlation coefficients between the 12-hour change in 
surface pressure on one hand and the actual surface pressure, 
the surface mixing ratio , and the lowest 50-mb mixing ratio 
on the other hand for 0500 and 1700 MST are given in Table 
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TABLE 2.8 


The correlation coefficient between the 12-hour change 


in surface pressure and other stability parameters. 


0500 MST 1700 MST 
MAJOR MINOR NO MAJOR MINOR NO 
Aetual sur. 
press. jes 7 0.40 0.18 OF 0.16 0.24 
burt mixing 
ratso -~.2l -.23 -.14 -.20 2 alge -.07 
Lowest 50-mb 
mixing ratio-.29 —-.23 -.19 S24 —.22 -.09 


Although the coefficients are fairly small, there ts a 
distinction between lightning and no-lightning days. The 
absolute values of the coefficients are always greater on 
iightning daysize,THe best-correlation is,found, in-general , 
on major days with a small increase over that for minor 
days. The only noticeable exception is found at 1700 MST 
between the 12-hour, change: in surface pressure: and the 
actual surface pressure where the correlation is minimum 
for minor days while it was maximum at 0500 MST. Table 2.8 
provides further evidence that on lightning days the 12-hour 
fall in surface pressure is more often accompanied by a 
decrease in actual surface pressure and increase in low- 
levels moisture, thanx ons the, days: free, of, daghtning activity. 


This result is confirmed by the fact that, low-pressure 


systems are usually associated with high moisture content. 


a0 OD nottsfertes ‘sAT | 
means eostwe mr 


sarero Mvot-Sf sHt nsawisd Jn 
-etetometsg ytiiidste raeido. br 


EM DOYS et 0026 
ou AOUIM AOLAM ou” | nOvIM AOGAM 
) tre [seudoA 
6.0 af.0 $£.0 B£.0 §=o8.0 yF.0 .229%q 
anixim .20e 
~O.= Sf.— 0S.- so ‘Ss, Che re 
dm-O2 
e0.- oo pS. Giga! ES. = CS. -otset 
ae | 


g at sted .ifsma yitts? ois ednetoltisos og dguods LA 
esdT .aysb anintdgti-on bas aninddztl nsswted Hotvoutterb 
mo 936015 evyewls sxb edasioritsoos sds io eswisv atu fonds 

»ipteres ot ,.bmuot ef nottisfeiioo desd soT .=eysb gatndiigh 
qTOnkm tot tadd tovo sesstont ifsme s dtiw 2yeb 10 ,am a 
TaM OOYL ts bruot st nottqsoxe sldssolion yino saT << 
add bas stteestq oostiis mt sgnsdo «od=SL ore nowded 


mgs ee bom et notisferres esfd sisnw stueestg sostive 


8.5 eidsT .TEM 0020 ts mumitem esw dt oftdw ayeb tontm | 


ad . ; 
tuod=Si od aysb gnintddgil mo ¢sdt sonebivs ieddétwt esbivegq 


5 ed bezAsanbses medio s1om et eteaetg sostive mt pal 


1 "ee 


-wol at oasetont bos auaze%q ostive {autos nai sesetos 
“syetvtvon samtda?t to eott ayab ed? no asdd erusatom tove 
swearigewot as soe? edd yO bemittos at thseot | 
ditetnos suiideton ARE Pert ‘pagBtavees want Sn ¢ 


Lge ‘wer 


20 

The probability distributions between the 12-hour 
change in surface pressure and the occurrence of lightning 
for 0500 and 1700 MST are shown on Figures 2.6 and 2.7 
respectively. Notice that the difference between the 0500 
MST and 1700 MST probability distributions for major 
lightning, represented by the lower lines, is very small. 
In any case if the 12-hour change in surface pressure is 
positive (i.e. rising pressure)>-the probabidity of having 
a Major day is less “than 25 per cent, and aiwa Talimor 6 
mb occurs the probability will increase to about 45 per cent. 
The upper line in each of Figures 2.6 and 2.7 represents 
the probability of having a day of either major or minor 
lightning. As seen before on Table 2.7, the 12-hour change 
in surface pressure is not a reliable parameter at 1700 MST 
for the ineidence-of minor lightning: The Upper Line of 
Figure 2.7 isimuch different. from that. for 0500 MST. Mere— 
over, if the upper line of Figure 2.7 is extrapolated down- 
ward, it will show a probability of minor lightning at 
values of large 12-hour pressure rises which are not 
encountered in practice. 

Figure 2.6 may be used as a forecasting tool. According 
#0 this ficure, a®l2-hour~pressure fall of 1 mbsor more at 
0500 MST gives a probability of more than 50 per cent that the 
day will be a lightning day (major or minor), while a rise 
of 4 mb or more at 0500 MST will reduce the probability to 


less *than, 30 per’ cent. 
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Figure 2.6 - The 12-hour change in surface pressure versus the 


probability of lightning occurrence (0500 MST). 
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Figure 2.7 - The 12-hour change in surface pressure versus the i 


probability of lightning occurrence (1700 MST). 
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THE 12-HOUR CHANGE IN 500-MB HEIGHT 


Height falls at 500 mb provide the forecaster with 
valuable clues as to the location and movement of short- 
and long-wave troughs in the middle troposphere. This 
parameter in association with the temperature changes at 
500 mb is closely related to the 500-mb VORGICityY field. 

The mean 12-hour change in 500-mb height, standard 
deviation, and range of values at 0500 and 1700 MST are 


presented in Table 2.9 for different Jightnine classes. 


TABLE 2.9 


Mean values of the 12-hour change in 500-mb height 


(meters) classified according to thunderstorm occurrence. 


L700 to 0500 MST 0500 to 1/700 MsT 
MAJOR MINOR NO MAJOR MINOR NO 
Mean -22 -28 -10 6 2 28 
Std. dev. 20 30 35 ay 34 Se 
Minimum -90 -106 = ta -56 -85 =L25 
Maximum 18 36 99 62 ie 118 


From the table it is seen that no-lightning days, although 
characterized by high stability, are associated with an 
average fall in the 500-mb height of 10 m from 1700 MST 
of the preceding day to 0500 MST on the day of, eoncern, 
This fall can be explained by the nocturnal cooling in the 
lower layer and gives rise to a lower 500-mb Level nat q0500 


MSQy tDuringsthe day diurnal heating and other developments 
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23 
will cause a 12-hour rise of 28 m in 500-mb height at 1700 
MST. On days of lightning activity where instability 
conditions or upper disturbances must be present, the fall 
in 500-mb height is large overnight and the rise during the 
day is’ silall as’ shown on Table" 2.9. 

Major and minor days have relatively smaller range of 
values. However, this does not necessarily mean that when 
the 12-hour fall in 500-mb height is very large, the 
probability of having a lightning day becomes small. Obtained 
from the frequency distributions, Table 2.10 gives the 
proportion of days which reported a rise in 500-mb height 


and a fall of 30 m or more. 


TABLE 2.10 


The proportion of days which reported a fall or a rige 
of the 500-mb height during the preceding 12 hours 


(per cent). 


L700) v6 0500 Mst 0500 to 1700 MST 
MAJOR MINOR NO MAJOR MINOR NO 
hiLee aL: Le spl 58 53 80 
Fall (30 mt+)45 47 30 14 a3 8 


From the table it can be seen that a large proportion of 
the no-lightning days occur when the 500-mb level rises 
while the proportion is small compared to lightning days 
when the 500-mb level falls by 30 m or more in a 12-hour 
period. As a result the no-lightning days reporting a 


very large fall in 500-mb height must be few in number and 
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24 
they may be characterized by other conditions that inhibit 


lightning occurrence. 

Table 2.11 gives the correlation coefficients between 
the 12-hour change in 500-mb height on one hand and the 
12-hour change in surface pressure, the actual surface 


pressure, and the low-level moisture on the other hand. 


TABLE 2.11 


The correlation coefficients between the change in 


500-mb height and other stability parameters. 


0500 MST 1700 MST 

MAJOR MINOR NO MAJOR MINOR NO 
12-hour 
change in 
surface 
pressure -50 eis) Perse | eo8 Oe malkS) 
Actual Sur. 
press. a2 Sak 42 49 ~A5 .33 
Lowest 50- 
mb mixing 
ratio -.33 = eas} -.14 -.29 -.12 «02 


From the table, we can generally speak of higher correlations 
for lightning days than for no-lightning days, although the 
Goetricients are faitvely small. At. 1700 Mel the correlation 
between the change in 500-mb height and the change in 

surface pressure is smallest for minor days. A similar 
result was found in the previous SeCC10n..« Une larrer: 
coefficients of Table 2.11 are in agreement with the fact 
that® lightning-oecurrence «is usually associated with cyclone 


movements which produce falls in the 500-mb height and in 
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Figure 2.8 - The 12-hour change in 500-mb height versus the 
probability of lightning occurrence (0500 MST). 
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Figure 2.9 -. The 12-hour change in 500-mb height versus the 
probability of lightning occurrence (1700 MST). 


ce or or 
(0 THOLSH 84-002 HL SaWAHI 
odd auatey Jdgted dm-002 ok ognedo avor-SI sdf ~ 8.8 ozugtt 
«(72M 0020) sonsawo70 gainidgil jo ysilidsadorg 


26 
surface pressure as well as increasing moisture content. 

The 12-hour change in 500-mb height versus the 
probability of lightning occurrence for 0500 and 1700 MST 
are shown oF Fiieures 2.8 and 2.9 respectively. For major 
lightning, which is represented by the lower line in each 
figure, the slopes are very small and the distribution may 
fail to’ give a reliable probability. The upper lines, 
however, may be useful in forecasting lightning in general. 
For example, Figure 2.9 shows that with a 12-hour fall of 
90 m at’ 1700 MST, ‘the probability of having sa Pighrtnine day , 
major or minor, will be close to 100 per cent regardless 
of Other stability parameters. Also, if a rise of 70: m 
or more occurs in 500=mb height at 1700\.MST, the probability 
G@iethaving a day with lightning ‘activity will be Less than 


AUPE REGEN . 
THE SHOWALTER INDEX 


The Showalter index (Showalter, 1953) is one of the 
best stability indices for studying and forecasting severe 
weather outbreaks. It employs the 850-mb wet bulb potential 
temperature and the 500-mb temperature. This index is 
preferred to one using surface data because it uses data 
from standard isobaric levels and because the 850-mb data 
are less subject to diurnal variation than are parameters 
selected from lower levels. The Showalter index S is given 


by Seog EMaaG 


where T S00 is the temperature at the 500-mb level and 
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ed 
(LT) ge 4 is the temperature of the 850-mb parcel after it has 
been lifted (dry-adiabatically and pseudosaturated adiabati- 
cally) to the 500-mb level. As the value of S decreases 
the instapility of the air column increases. 
The mean values of the Showalter index for major, minor 
and no-lightning days at 0500 and 1700 MST are shown on 


Gabler. 2. 


TABLE 2312 


The mean Showalter index for the different lightning 


classes. 
0500 MST 1700 MST 
MAJOR MINOR NO MAJOR MINOR NO 
Mean 126 pa 5.0 Ons eb ee 
SOL. sOevs pent! Ces Siar 2.6 ue eal 
Minimum =644 aaa eye =O ease) | aaa! 
Maximum PALS 8.6 Leb 6.3 (gral Ib oWR IS 


The table shows that lightning days are associated with 
smaller values of the Showalter index than no-lightning 
days. Major days are associated with the largest drop 
inether index freml05001to®l700GMSi< 2Thelranges°or values 
show that this index has a uniform distribution in the 
sense that the smallest values characterize the major 
lightning days and the largest values appear on the no- 
lightning days. 


More clearly Table 2.13 shows the proportion of days 
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in each lightning class that reported a negative Showalter 
index and that reported a value of +6 or more. 
TABLE 24.04 


The proportion of days in each lightning class which 


reported a small and a large Showalter index (per cent). 


0500 MST 1700 MST 
Showalter index MAJOR MINOR NO MAJOR MINOR NO 
- 1 or less ay fe) a a2 aes 2 
+ 6 or more 1 2 38 2 6 Al 


From the information of the table it becomes clear that the 
Showalter index best distinguishes between the different 
classes in both 0500 and 1700 MST observations. This index, 
however, has irregular correlations with the other Stability 
indices discussed before. For details Table 2.14 gives the 
correlation coefficients between the Showalter index on 
one hand and the change in surface pressure, the change in 
500-—-mb height, the actual surface pressure, and the low 
level moisture on the other hand. 

As seen in Table 2.14, the best correlation is found 
between the Showalter index and the low-level moisture. 
This is not unexpected because the 850-mb moisture is used 
in computing the index value. The largest coefficient, 
although found for major class, is not much higher than for 
no-lightning class. The best correlation on minor days 
is found between the Showalter index and the 12-hour change 


in surface pressure but it is not significantly higher than 
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for no-lightning days. The correlations between the Show- 
alter index and other indices do not distinguish between 


lightning classes. 


TABLE 2.14 


The correlation coefficients between the Showalter 


index and other stability indices. 


0500 MST 1700 Mot 
MAJOR MINOR NO MAJOR MINOR NO 


12-hour change 
in sur. press. wic mee <26 aren mec eS 


12-hour change 
in 500-mb height BAS oS 24 —.06 -.08 - 04 


Actual sur. 
press. Pus eo ent .08 -.05 E32 


Lowest 50-mb 
Maxine Lat1o = eal -.46 -.58 -.50 -.20 -.40 


Figures 2.10 and 2.11 show the Showalter index versus 
the probabrlity of Jightning occurrence for” 0500 MST and 
1700 MST respectively. For small values of Showalter index 
the two @istres give almost the same result while at high 
Showaiter index there is little difference between the 0500 
and 1700 MST figures. According to these figures, if the 
jridex vaime is —3 at 0500 or 1700 MST the probabiiivy of 
having a day with major or minor tHentnine tis -avouse 9svper 
cent without regard to other weather parameters. On the 
other hand, an index value greater or equal to +6 at 0500 


MST will produce a probability of less than 25 per cent 
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Figure 2.10 - The Showalter index versus the probability of 
lightning occurrence (0500 MST). 
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Figure 2.11 - The Showalter index versus the probability of 


lightning occurrence (1700 MST), 
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that the day will be a lightning day. The probability 
reduces to less than 15 per cent if the value of 6 or more 


is observed at L700 MSP. Lhe two figures may be used as 


forecasting: suides., 
THE TOTALS INDEX 


The 850-mb level is less subject to diurnal variation 
and this gives an advantage to using the 850-mb data along 
with the 500-mb data to produce stability indices and fore- 
casting parameters. Vertical Totals, Cross Totals and Total 
Totals proved useful in forecasting severe thunderstorms. 
The Vertical Total is the 500-mb dry-bulb temperature sub- 
tracted from the 850-mb dry-bulb temperature. The Cross 
Total is the 500-mb dry-bulb temperature subtracted from 
the 850-mb dew-point temperature. The Total Total is the 
Sum, Ot «the. Vertical Total mand Cross Total. 

im the United States thundérslorm occurrences are 
associated with values of the Vertical Total of 26 
or more ignoring moisture, except along the coastal areas 
of the Gulf States where values less than 26 are often 
associated with thunderstorm activity (Miller, 1967). In 
the. British Isles this, value, is) near 22.and,dn)| western 
Europe is about 28. Because the Vertical Totals are derived 
without regard to moisture, it is practicable for forecast— 
ing for an island, or along the windward side of coastal 
mountains, or over large bodies of water such as Ghes Gre ae 


Lakes. To further delineate the potential thunderstorm 
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areas and probable intensities, the Cross Total data must 

be analyzed. East of the American Rockies the Cross-Total 
threshold value of 18 is used as the lower limit for thunder- 
storms, and a Total Total of 44 is a minimum (Miller, 1967). 
These values are only guides since terrain and local effects 
and movements of fronts and pressure centres will occasion- 
ally combine to produce thunderstorms. The higher the 
Vertical Totals in the area of significant Cross Totals, 

the greater will be the severity and certainty of thunder— 
storm development. The Total Total appears to be a more 
reliable single predictor of severe activity in both warm- 
and cold-air situations. However, Total Totals must be 
Used with careful attention to either the Cross Totals or 
the low-level moisture, because it is possible to have 

large Total Totals under adiabatic conditions with Jattle 
supporting low-level moisture. 

LG 16 tow the purpose Uc “study -the Girrece ol sehese 
indices on lightning occurrence in the Whitecourt Forest 
using the data of Edmonton Stony Plain. Table 2.15 gives 
the mean, standard deviation, and range of values of each 
index for the different lightning classes. The table shows 
that days of lightning activity are associated with larger 
values of Vertical Total, Cross Total and Total Total than 
days free of lightning. The table also indicates that in 
some situations, which must be few in number, major lightning 
Secure when the Cross Total is fairly small and on some no- 


lightning days any of the three indices may be fairly large. 
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TABLE 2.15 


BS 


The Vertical, Cross, and Total Totals for the ditrerent 


iieghntnine "classes. 
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The proportions of days in each lightning class which 


reported small and large index values are given cin Tables 


2aleenne vhf wand o2.18for the Vertical, Cross and Total 


Totals respectively. 


TABLE 2.16 


Proportion of days having a Vertical Total of 32 or 


more and of 24 or less (per cent). 


0500 MST 1700 MST 


MAJOR MINOR NO MAJOR MINOR 


Vili cots a3 For more a4 20 ¥/ Nps 29 
Vil ic@r24:cor less 5 12 35 4 10 
TABLE Seek} 


Preportaon Of days having a Cross Total 1-22. oF 


more and of 14 or less (per cent). 


0500 MST 1700 MST 


MAJOR MINOR NO MAJOR MINOR 


CT of '22i-or more 33 32 24 39 eM 
Cy of 14 or less 9 ip 26 4 5 
TABLE 2.18 


Proportion of days having a Mopeal ot aon ea ode 


mdmedend of 4/for lesaa(per gent). 
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As a result of the information given in the three tables, 
it is seen that lightning days are characterized by ,the 
larger values of the three indices. It may he suggested 
that the few no-lightning days which reported large Vertical, 
Cross or Total Totals are either characterized by other stability 
conditions or being classified in the wrong spot. 

inesVertical Total and Cross Totaledre highly correlated 

with the Showalter index. The Total Total is Obviously 
correlated with each of the other three. The best correlation 
was found between the Total Total and the Showalter index 
because both of them measure basically the same thing. No 
differences of any significance were found among the 
itehntning classes ag far as the correlation, coeriicients 
between these indices are concerned. Table 2.19 shows the 
correlations between the Total Total on one hand and the 


phowalter,, Vertical Total and Cross Total on the other hand. 
TABLE 2.19 


The correlation coefficients between the Total Total 
index and other stability indices. 


0500 MST 1700 MST 


MAJOR MINOR NO MAJOR MINOR NO 


Showalter =293 e.92 =.95 =. 94 =O eee 
Vertical Total 254 55 yal 68 «(1 ay i 
Cross Total Aas: 65 oe Ae Rai he 


In general, it is Seen from the table that the coefficients 
are slightly greater for the no=lighntning class. This may 


have resulted from the larger number of days present in this 
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Figure 2.12 - The Vertical Total versus the probability of 
lightning occurrence (0500 MST). 
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Figure 2,13 - The Vertical Total versus the probability of 


lightning occurrence (1700 MST). 


ta 


we 0 vw se ow ws a ws ss OS BF BF 


JATOT JAOLTASV- 
Qo ytilidsdorq of? euntey IstoT isots1sV odT - S168 ommgtd | ; 


-(T2M 0020) sonssawos0 gninidgi! : 


ROLAM x 


ACMIN AS AOLAN =O 


= g0 O MAJOR OAR HINOR 
fe 

es Bo 

- 710 

Ss 


PROBABILITY 


6 8 10 12 14 16 18 20 22 eu 26 
CROSS TOTAL 
Figure 2,14 - The Cross Total versus the probability of 


lightning occurrence (0500 MST). 
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Figure 2.15 - The Cross Total versus the probability of 
lightning occurrence (1700 MST). 
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Figure 2,16 - The Total Total versus the probability of 


lightning occurrence (0500 MST). 
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The relationship between the Vertical Total and the 
probability of lightning is shown on Figuresn2.ladcdnd t2013 
for 0500 and 1700 MST respectively. Figures 2.14 and 2.15 
Show the Cross Total versus the probability for 0500 and 
1700 MST respectively. Figures 2.16 and 2.17 show the 
Total Total versus the probability for 0500 and 1700 MST 
respectively. The threshold values at 0500 MST for having 
a major lightning day are 22 for the Vertical Total and 37 
for the Total Total. No reliable value for the Cross Total 
can be given from Figure 2.14 as a threshold for occurrence 
of lightning. At 1700 MST the Vertical and Cross Totals 
show probability «distributions of vlightning occurrénce 
different from 0500 MST. However, the Total Total shows 
almost the same probability. distribution for 0500 and°1700 
MsTeobservations exceptefor' small *valuésucof dthnelindex? 
Figure 2.13 shows that a Vertical Total of 36 at 1700 MST 
gives a probability about 75 per cent that the’ day-will be 
aulightning day without regard to otherrindices: The 
corresponding values for the Cross Total and Total Total 
are 24 and 53 respectively. Different results using the 


Total indices may be explained by the small sample of data. 


THE WET BULB ZERO HEIGHT 


The height of the Wet Bulb Zero above the earth's 
surface is assumed to be the height of the lowest inter- 


section between the 0 C isotherm and the wet-—bulb temperature 
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profile of the environment on a tephigram. In many instances 
when thunderstorms form, there is little ground damage. 
Careful examination of many of these situations indicates 
that the Wet Bulb Zero height above the earth's surface may 
bewthe best single index for descriminating the cases in 
which the damaging phenomena such as hail and strong winds 
affect the ground (Miller, 1967). A chart having the 
isolines of Wet Bulb Zero height provides an effective 
separation of areas where severe phenomena such as large 
hail reach the ground from areas where they do not. Thus, 
the line of separation offers the forecaster a useful tool 
for determining the most probable extent of severe-weather 
phenomena at the earth's surface, when other criteria 
predict they are likely to occur. 

When a large cloud develops upwards and penetrates 
colder regions of the atmosphere, the cloud droplets start 
freezing. The latent heat liberated on solidification 
warms the surrounding air and gives it further buoyancy, 
causing the cloud to expand still farther upwards. The 
contribution of latent heat of freezing to the buoyancy 
ean thus be active in a large vertical extent of the cloud. 
In hail studies, it was found that when Wet Bulb Zero heights 
were above 11,000 feet or below 7,000 feet above the terrain, 
the frequency and size of hail diminished rapidly (Miller, 19. 
It is the purpose now to find out if a relationship exists 
between the height of Wet Bulb Zero at Edmonton when 


lightning was observed in the Whitecourt Forest. Table 
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2.20 gives the mean height of Wet Bulb Zero, standard 


deviation, and range of values at 0500 and 1700 MST for 


each lightning class. 


TABLE 2 cu) 


Heights of Wet Bulb Zero above Mean Sea Level (deca- 
meters) classified according to thunderstorm occurrence. 
0500 MST 1700 MST 


MAJOR MINOR NO MAJOR MINOR NO 


Mean height 335 Bee Tyee 342 228ny B09 
Std» dev. Bl al 60 48 SL 67 
Minimum 229 P26) ae? 241 239 »=103 
Maximum 436 430006 454 435 459 = 485 


The table shows that lightning days, on the average, are 
associated with higher Wet Bulb Zero than no-lightning days. 
However, no-lightning class was characterized by the 

tareest range of values. Heights as low as 1220 m and as 
high as 4540 m were observed at 0500 MST on no-lightning 
days while a smaller range was reported on lightning days. 
Similar results are also found at 1700 MST (see Table 2.20). 
It can then be said that although the Wet Bulb Zero, on the 
average, was higher on lightning days, LighCning eaculvicy 
was not observed when the Wet Bulb Zero level rises above 

a certain height. However, the no-lightning situations with 
such very high Wet Bulb Zero were very few in number and no 
conclusive result can be given here. It becomes rather clear 


that low Wet Bulb Zero heights are infrequent on days of 
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lightning activity. From a frequency distribution of 0500 
MST observations it was found that 13 per cent of major and 
18 per cent of minor days reporting a Wet Bulb Zero height 
of 2600 m or less versus 41 per cent of the no-lightning 
days. At 1700 MST the corresponding figures were 9 per 
cent for major class, 16 per cent for minor class and 29 
per cent for the no-lightning class. From the information 
of Table 2.20 it can be seen that more’ than’70' per eent 

of lightning days (major or minor) reported a Wet Bulb Zero 
height between 2700 m and 3900 m above MSL in any of 0500 


or TPPOO MST ‘observations. 


MAXIMUM TEMPERATURE ON SURFACE 


ptrong heating at the earth's surface assists instaprlity 
Go develop. Ltehelps in Jiftvinge the air parcel and’ con— 
trolling the’ transport of moisture to higher levels. In 
some situations where a strong inversion exists near the 
surface prior to a thunderstorm occurrence, strong surface 
heating works as the breaking mechanism and gives rise to 
air-mass thunderstorms. In other situations, however, the 
passage of cold fronts will be the controlling mechanism 
and frontal thunderstorms may aeteice it ‘the warmeair is 
convectively unstable. No strong surface heating is 
required for such situations. 

The daily maximum surface temperature at Whitecourt 
was used in an attempt to find a correlation with lightning 


occurrence in the Whitecourt Forest. Although the mean 
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maximum temperature was higher on lightning days than on 
no-lightning days, the distributions of the daily maximum 
temperature did not seem to be significantly different from 
one class to another. 

The relationship between the maximum surface temperature 
and the probability or lightning is shown on Bigure 2.186. 
The slopes of the lines are small, showing that this index 
Ls ad POOr Andi cavor or the incidence of lightning and it 
cannot be used alone as a unique predictor. However, a 
careful analysis of other atmospheric parameters along with 
the maximum temperature on surface can produce a more 
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Figure 2.18 - The daily maximum surface temperature versus the 
probability of lightning occurrence, 
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CHAPTER THREE 
THE CORRELATION BETWEEN UPPER-WIND PATTERN 


AND LIGHTNING OCCURRENCE 


Severe thunderstorms tend to occur in localities where 
there is a strong shear between the winds in the lower and 
upper troposphere. It is commonly observed that small 
cumulus clouds, when subjected to appreciable shear, have 
their tops blown off their bases. Recent research has 
disclosed that large storms are actually invigorated by the 
presence of shear. In a sheared environment the storm, 
moving at. some particular velocity; is ‘in motion relative 
toypthe swinds at. different levels, and «thus «is -in sefifeet 
moving through the air mass. Weickmann (1953) pointed this 
out as,.a distinguishing feature of storms that persist for 
a Long time, by virtue of their being ablhe,to sweep up 
noisteair as they «mugrate through it. 

As observed by Fulks (1951) a strong inversion above 
a surface layer of moist air plays an important role in 
contributing to the severity, of convective disturbances. 
Beebe (1958) has shown, on the contrary, that inversions 
are not present when and where tornadoes and thunderstorms 
occur. Beebe and Bates (1955) have indicated that one of 
the principal agents in their removal is organized vertical 
motion. Lifting results in adiabatic cooling of .the) dry 
air above the inversion with a simultaneous increase in 


depth of the moist layer. Lis.a8 if-laikely s,bhe+moist air 
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meaches: saturation during this process, tu will cool at 
Lhe WVesserm most adiabatic rate, being free to penetrate 
to high levels once the inversion is removed. [In general, 
no such inversions were observed on lightning days im the 
present study. Only a weak inversion at the surface was 
noundiats/05 VOrMSTvons digehtinines dayst No-lightning days 
have also reported a similar inversion but a little weaker 
(see Figure 2.1). 

The organized vertical motions are, in general, con- 
nected with synoptic scale low-pressure systems. Down- 
stream from troughs in the upper troposphere, there is 
generally horizontal mass divergence in the upper tropo- 
Sphere, coupled with convergence in the lower troposphere. 
Linked with this, the broadscale upward motions in the 
middle troposphere commonly have magnitudes of 5 to 10 
em/sec (Newton, 1967). Acting over 4 period of “6°to 12 
hours.ssuch vertieal motions provideva neti Lifting of i to 
2 \kmjewhich«-1s sufriieient to eliminatveteven a stpong 
inversion. 

The upper-level divergence is associated with the 
Variation of vorticity along the current and with the 
strength of the upper winds. For this reason, vertical 
motions tend to be strongest near the jet stream in upper 
levels. The low-level jet stream ts the region where moist 
air and heat are advected most rapidly to an area where, 
as a consequence, convective instability is likely to be gen- 


erated first. These two factors largely account for the 
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tendency for severe convection to take place first near 
the intersection of a low-level and an upper-level jet 
stream. 

The onsetros convection may be triggered by the gradual 
upward motions mentioned above, but often other factors 
come into play. Lifting by the cold front as it sweeps 
into the edge of the tongue of unstable moist air may be 
Uhe decisive mechanism. On other octasions, lifting at 
the warm front or over a cold dome residual from earlier 
thunderstorms may be instrumental. In all cases, diurnal 
heating or cooling must be taken into account. Surface 
heating may be sufficient in itself to cause buoyant air 
to rise to the condensation level and, in the absence of an 
inhibiting stable layer, to set off deep convection. Even 
when dynamical lifting mechanisms are available, solar 
heating is important because less lifting is needed to set 
off convection when heat has been added in lower levels. 
The importance of insolation is attested by the pronounced 
preference for convective phenomena to occur in mid and 
late afternoon. 

The results of a study of the wind pattern of Edmonton 
at the standard pressure levels 850, 700, 500 and 300 mb 
and the interrelations between these levels for each of 
the lightning classes of Whitecourt Forest is now presented. 

Figure 3.1 shows the proportion of days (in per cent) 
which reported an 850-mb wind from the different directions 


for major, minor and no-lightning days at 0500 and 1700 MST. 
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ine; proporvion is given by the number or winds of a certain 
direction of one class divided by the total number of days 
in #has Class. For example, 10 per cent. of the major 
lightning days reported a wind from the north at 850-mb 
level at 0500 MST. Figures 3.2, 3.3 and 3.4 show the 


proportions for the 700-, 500- and 300-mb levels respectively. 
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Figure 3.1 - Frequencies of winds from the different directions at the 
850-mb level for each lightning class (per cent). 
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Figure 3.2 - Frequencies of winds from the different directions at the 


700-mb level for each lightning class (per cent). 
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3.3 - Frequencies of winds from the different directions at the 


500-mb level for each lightning class (per cent). 
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Figure 3.4 - Frequencies of winds from the different directions at the 


300-mb level for each lightning class (per cent). 


: 


| 
} a 


= ib oe 
. 
a . Sa5 aed 
¢ 
: : wee 
> 


De 


MAJOR-LIGHTNING UPPER WINDS 


As seen on Figure 3.1, the largest proportion of major 
lightning days (25 per cent) is found when the 850-mb wind 
was from the south at 0500 MST. Proportions from other 
directions, except the northwest, were nearly the same and 
ranging from 8 to 16 per cent of the major days. Winds 
from the northwest direction on major days were very seldom 
observed at 0500 MST. - At 700 mb (igure 3-2) the wind 
pattern has been smoothed out and winds are observed to be 
more concentrated from the southwest and west. Southerly 
winds at 700 mb are also observed although not so frequently 
and northwesterly winds are less frequent than southerly 
winds. Winds from other directions are rarely observed. 

At 500 mb (Figure 3.3) the winds are very often from the 
west and southwest. The highest frequency is found from 
the west. At this level the northwesterly winds become 
more frequent than southerly winds, although both directions 
are showing very small frequencies compared to west and 
southwest. At 300 mb the picture is very much the same as 
for 500-mb level. Similar results were found at.1700 MST 
as shown on the same figures, except at 850-mb level where 
there is no distinct preferable direction for the wind on 
major lightning days. From the above discussion and akso 
from examining the change of wind direction with haters for 
the individual days, the wind tends, in general, to veer 


with height on major lightning days. The most general 
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wind pattern on major days tis: 


south at 850 mb 
southwest to west aoe | OU mip 
west to southwest at 500 mb 
west to southwest at 300 mb 


Other major lightning days having winds backing with height 
or an unorganized wind pattern were also observed. On these 
days active cold fronts and other instability conditions 
must have played a major role in contributing to thunder-— 
storm occurrence. As explained by Newton (1967), a new 
cloud formation is favored on the right flank of an 
existing convective system when the wind veers with height. 
Thus the existence of strong vertical shear in the environ- 
ment contributes to a continued regeneration of the storm 
by new growth. 

Table 3.1 gives the mean wind speed at the standard 
oreser ce levels for winds blowing from the most frequent 


directions at those levels on major lightning days. 
TABLE 3.4 


Mean wind speed (m/s) at upper pressure levels for 
winds blowing from the preferred directions on major days. 
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The table shows that southerly winds at 850 mb are stronger 
than winds from other directions at 0500 MST. ney gare. On 
the average, also stronger than the winds prevailing at 
{00-mb level. This will Support the understanding that a 
low-level jet stream prior to thunderstorm occurrence will 
assist the release of instability (Newton, 1967). In our 
Situation the low-level jet from the south will provide 

the lower levels of the area of concern with heat and 
moisture being advected from lower latitudes. At 1700 MST 
the southerly wind at 850 mb is no longer strong. Strong 
northwesterly winds are observed at 1700 MST apparently 

as a result of cold frontal passages on these days. At 
higher levels the southwesterly and westerly winds are 


frequent and are slightly stronger at 1700 MST than at 


0500 MST. 
MINOR-LIGHTNING UPPER WINDS 


Figure 3.1 shows that northwesterly winds at 850 mb 
are most frequent on minor lightning days in both 0500 and 
1700 MST observations. Westerly winds are also frequent 
on minor days. At 700 mb westerly winds become most fre- 
quent while the proportion of northwesterly winds is 
smaller, and the proportion of southwesterly winds is 
larger than at 850 mb. At 500 mb westerly winds are again 
the most frequent but a further decrease in the frequency 
of northwesterly wind is produced along wothTaoiurtner 


increase in frequency of winds from the southwest. At 300- 


e. ae 
faild Wa oe 
at at 7“ is or Le 
re one oo?o 10 Baptaoatte T9720, ."; ak 


: un © _ a - “3 7 wis 
pene bath sng vad ‘nieea07¢ seks a ‘ tad - a 


: 
7 


“revel ii=POT 
oh al, R a af 

“e meevaIe» ss 3 = * 

ia) yas sornsnidso mioteisbnuAs es tobty nse Tre gs 25 ae 


7 
. 


} wl bs 
“a . - a" a * — a “5 an 2a4 {> i fe fo 
suo! ‘al eVSRL. ,otwel wit icaearne 2 réaiont sit bd : 2 £ ; 


. a 
i [ is4tres) Sat mort <dast fo “wor aff a0 ES eat ee 
poivouq ([Ltw ituec sit motl ds Wot af E he 


P herd it 
itt ROTO S Vis eet 5 ¢ 2), eyo “Sy wos = 


=< 


pee Jeon dole 


¥ 
’ 
> Ves 
1 re “S77, 4 Fat or eee.- , ' a7 Te. 3h me P eugeromn 
TEN OOTI 28 .asbucvivsi Tew. me IV 0h Bn’ SA J tah0 


gnome <gnotse Tannol on st dm 0. 


r 
"737 “ € j e ry wie 

yienotegqs Tam OTL TS vavireso tlw yit awe 

vA eh Searle mo aoesensa La? Lg. 7C Miveset Be 


aw @ rc 
ete ebrtiw +! [rs ara 
= of te a ¢ “— ' a: 
3s csit Tal ( fC 'éS TSRFRNILS eis fe Bos 
mA ts Oe ee dis 


agmo0e5 38 cbhiw vitateowdsAot ted’ ance le osu 

. brie O0@0 difod ni sysb. gatntdgiivszontm qa ae: et “am 
| ‘Snevped? ocls ois einiw ybreseen vancttiponde PERE O00 
¥ y 

=etY Jeom Smiotoed 2buty yinetdaw gm ony cA ah work 


ae ar #) ebriiw yilied eowdsion “To noeloioge 10 549 al te 


’ FF uiet® Curran ¥! a wiijuoe 12 ‘noltnogery and Jue. 


j . a 5 ate doitw 4iodeon dm do? oA ~om OA8 as. agay 
. a 2 - 

yoru ders. ont, nt 3! soir sgt faut es oy vd PSE ra i 

oan + | Pa a 


By: ina Of 


an 


a) 
mb level the southwesterly winds were reported most fre- 
quently at 0500 MST. At 1700 MST the frequency of westerly 
winds exceeds that from the southwest by a small amount. 
However, the gain in the frequency of southwesterly winds 
from 500- to 300-mb levels at 1700 MST was met by a sig- 
nificant loss in westerly winds between these two levels. 

As a result of the above discussion and examining upper 
winds: on the. individual: minor Ligntniner: dayssrtheswind 
tends, on the average, to back with height on these days. 


The most general wind pattern on minor days would be: 


Northwest to West at 850 mb 
West at 700 mb 
West to Southwest at 500 mb 
Southwest to West at 300 mb 


Although backing of wind with height tends to suppress 
convective activity, it will not alone inhibit thunder- 
storm occurrence. Backing of wind with height must then 
be associated with cola frontal passages which will produce 
strong vertical currents and some lightning. 

Table 3.2 gives the mean wind speed at the upper 
pressure levels for winds blowing from the most frequent 
directions at these levels on minor lightning cays. On 
minor days, as shown on Table 3.2 the wind is stronger at 
all levels than on major days (see Table 3.1). The high- 
bevel jeu stream core moves toward Edmonton on minor days. 
It is also apparent from the 300-mb wind on Table 3.2 that 


the high-level jet stream turns cyclonically during a minor 
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day. The above discussion shows that, on the average, 
there is some difference in the pattern of upper winds 
between major and minor lightning days. Minor days tend 
to have wind backing with height but they are usually 


associated with stronger winds at all levels. 
TABLE 3.2 


Mean wind speed (m/s) at upper pressure levels for 


winds blowing from the preferred directions on minor 


days. 
0500 MST 1700 MST 
SW W NW SW W NW 
850 mb Bake 9.8 Sea 9.4 
700 mb O26 9.9 9.4 Onbm Gee silbe 7 
500 mb 162, 24.8 15) ep 
300 mb Oo oes One 30:0 = 22.0 


NO-LIGHTNING UPPER WINDS 


No-lightning days, as shown on Figure 3.1, are char- 
acterized mainly by a northwesterly wind at the 850-mb 
level. At 700 mb (Figure 3.2) westerly winds become 
dominant, along with a significant proportion of days 
reporting northwesterly wind at that level. At 500-mb 
and 300-mb levels (Figures 3.3 and 3.4) westerly winds 
remain a most frequent. It is also shown that on no- 
lightning days the southwesterly winds are, in general, 
gaining frequency as we go from lower to higher levels 


while the northwesterly winds are losing frequency upward. 
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As a result we may say that no-lightning days tend to have, 
on the average, winds backing slightly with height and the 


general pattern of wind direction on these days is as 


follows: Northwest at 850 mb 
West av’ /00 mb 
West at 500 mb 
West at 300 mb 


Table 3.3 gives the mean wind speed at the upper 
pressure levels for winds blowing from the most frequent 


directions on no-lightning days. 


ABLE Bik 


Mean wind speed (m/s) at upper pressure levels for 
winds blowing from the preferred directions on no- 


lightning days. 


0500 MST 1700 MST 
SW W NW SW W NW 
850 mb Gis Baw piss 7, BO: Lia 
700 mb 6a Opie ada 9 ese. lave LOT 
500 mb 14.6 14.3 14.9 Les] LA iSe mm Lees 
300 mb 26, ie Ne fort ae Pea, Abs er c2n.H 


No significant feature can be detected from Table 3,3 for 
the mean wind speed pattern at upper levels on no-lightning 


days. It becomes rather clear that minor days are generally 


associated with higher speeds at 300-—mb level. 


; ? 


ae em | 
ne ans, o¥.a6" ant tatignieon aes wee ya 
‘bas er tated 1 adie qisdgria gaiess ebniw % 


oy  S. i. op 
ga at iat é2eit co nezjoguih Britw to siege s8q 


- a 
7 § i ‘ dm OOY rie + 
do D0 3 i 
' i) 
aim OOF 3 = . 
“euqu Sit dn Dsede OolwW MEeSm one Boven 
a , a 7 7 a wh we Fea r Ss : . 4 
dnsipst? teem ens cov) gafwold epniw Tol Sisves Etre ges 
- _ “ota 
7 % 
‘Bysb gnintdizii-oe no SROfiOaED 


qot elevel siusesig weaqqu ge (2\m) besae Daiw meem 


-~on mo enotfisetibh hetustetq sdf mort sabwoid siafw 


yah antasAsti 


Tem ooOyL aM 


fie sus! ales Ce 


~ 


“0% £48 didaT met? botosieb ed) af e190 Insoltiigke 
i® i ' a 


yeftodiigts—on fo ate POL Tsqqus ws BIH Pf besge, DALW nama 

| 
efteneaeg sas seb gnen denis oto, Re ey BS acood HE 
n i. 


7 teal dt 00E, de as: z arty a ee Yb j 


CHAPTER FOUR 
THE CORRELATION BETWEEN WIND SHEAR 


AND OTHER ATMOSPHERIC PARAMETERS 


In the previous chapter it was shown that days with 
major lightning had, on the average, winds veering with 
height between the 850-mb and the 300-mb levels. Minor days, 
On the other hand, were usually associated with backing winds 
upwards between the two levels. However, veering, backing 
and a combination of them throughout the troposphere were 
also observed on individual days in each class but with 
different proportions. It is the purpose in this chapter 
to select those days in each class (major and minor) which 
had winds veering with height between the 850-mb and 300-mb 
levels and those days which had winds backing between the 
same two levels and examine the relationship between wind 
shear and other weather parameters discussed earlier. The 
wind pattern between the surface and the 850-mb level does 
not take part in the analysis. A study of these winds could, 
perhaps, add to our knowledge of the relationship between 
winds and thunderstorm occurrence. Table 4.1 gives the 
number of days in major and minor classes which reported a 
vertical shear of one type (veering or backing) between 
850-mb and 300-mb levels. Table 4.2 shows the mean wind 
shift (in degrees) between the adjacent pressure levels. 

For example, by examining the 39 major lightning days which 


had winds veering with height, there was a mean Shinto an 
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wind direction of 58 degrees between the 850-mb and 700-mb 
levels at 0500 MST. Most of the no-lightning days were 
characterized by very little wind shear of unsteady pattern 
between 850- and 300-mb levels. Therefore, the no-lightning 


class will not be included into the following discussion. 


TABLE 4,1 


Number of days in major and minor lightning classes 
which had veering (V) and backing (B) winds between 
the 850- and 300-mb levels. 


0500 MST aly MORO eau isyy 

V B V B 

Major 39 19 36 a7, 

Minor ai 5. 31 41 
TABLE 4.2 


Mean wind shift between the adjacent pressure levels 
when the wind was veering (V) and backing (B) on 
lightning days (degrees). 


0500 MST 1700 MST 
MAJOR MINOR MAJOR MINOR 
Vinee V B V B Vo e.8 
850-700 58  =49 3348 ope 60 849 
700-500 ae a5 26 26 16 22 19 21 
500-300 6 at 4 14 9 ap 2 19 


Table 4.2 shows that on lightning days the veering of winds 
occurred largely in the lower layers while backing of winds 


extended appreciably to higher levels. 
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THE VERTICAL TEMPERATURE PROFILE 

The mean temperature at the surface and at the upper 
pressure levels were calculated for each of the above groups 
of days (see Table 4.1) and a mean temperature profile is 
plotted on a tephigram. Figures 4.1 and 4.2 show the mean 
soundings for days of veering and backing winds of the major 
class at 0500 and 1700 MST respectively. Figures 4.3 and 
4.4 show similar curves for the minor class. As shown on 
the figures, the days of veering winds, on the average, are 
characterized by a warmer sounding throughout the troposphere 
than on days of winds backing with height. This agrees with 
the fact that veering is associated with warm air advection 
and backing is associated with cold air advection. Strong 
warming takes place in the surface layer between 0500 and 
1700 MST when the wind between 850 mb and 300 mb veers 
with ee It is also seen that major lightning class 
has a larger temperature difference between days of veering 


winds and days of backing winds than minor class. 
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Figure 4,1 - Mean 0500 MST soundings for days of veering and backing 
winds in the MAJOR lightning class. ; 
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Figure 4,2 - Mean 1700 MST soundings for days of veering and backing 
winds in the MAJOR lightning class, 
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Figure 4,3 - Mean 0500 MST soundings for days of veering and backing 
winds in the MINOR lightning class, 


300 


Figure 


7 Tsobar (MB) 


4,4 - Mean 1700 MST soundings for days of veering and backing 
winds in the MINOR lightning class. 
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Tables 4.3 and 4.4 show the correlation coefficients 
between the temperatures of lower and upper levels of the 


troposphere on major and minor days respectively. 


TABLE 4,3 


The correlation coefficients between the temperatures 
of lower and upper levels of the troposphere in the 
presence of different wind shears on MAJOR lightning 


days. 
0500 MST 1700 MST 
VEERING BACKING VEERING BACKING 
Surface & 600 mb 45 5 .62 Or 
Surface & 500 mb 53 79 56 sey] 
Surface & 300 mb oy ede 254 .60 
850 mb & 500 mb 10 soph OL . 80 
850 mb & 300 mb fle . Behil Ses) .06 
TABLE 4.4 


The correlation coefficients between the temperatures 
of lower and upper levels of the troposphere in the 
presence of different wind shears on MINOR lightning 


days. 
0500 MST L7O00nMST 
VEERING BACKING VEERING BACKING 
Surface & 600 mb ~—. 34 . 89 48 P51 
Surface & 500 mb <icah 90 S44 A 2 
Surface & 300 mb toy Bion A) «35 
850 mb & 500 mb 61 yon 61 65 
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In the two tables, smaller correlations between lower and 
upper levels indicate larger instability in the aizxy column 
in the sense that strong warming in the lower levels is 
associated with Tiabte warming aloft; and little cooling in 
the lower levels is associated with strong cooling aloft. 
Of course, small correlations could also arise from the case 
Or Jarge stabllivy iin the air column but this was assumed 
not to occur on a lightning day. The results of Tables 4.2, 
4.3 and 4.4 show that when the wind is veering with height 
on lightning days, there is strong warming in the lower 
layers accompanied with little warming aloft. As backing 
of wind with height, i.e. cold air advection, took place 
also on lightning days we may expect that passages of cold 
fronts on these days were the controlling mechanism in 


releasing instability and producing lightning activity. 
STABILITY INDICES 


The mean values of the surface pressure, low-level 
moisture, Showalter index, and the Totals index were cal- 
culated for each group of days having a vertical wind shear 
of one type (see Table 4.1). No differences of any signif- 
icance were found between these means for veering and backing 
winds. However, the correlations between some of the above 
indices were found to be significantly different for veering 
and backing winds. The correlation coefficients are given 


in Table 4.5 for major and minor days at 0500 MST. 
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TABLE 4.5 


The correlation coefficients between stability indices 
for different wind shears at 0500 MST. 


MAJOR MINOR 

VEERING BACKING VEERING BACKING 
Sur. press. & low 
level moisture -.36 -.29 -. 33 -.13 
Sur. press. & 
Showalter .36 -.03 mae} .O4 
our. press. & 
NOC oe Ory aa. -.23 16 -.42 ~09 
Low level moisture 
& Showalter -.72 -.44 =.52 ee 
Low level moisture 
& Cross Total Ate -.04 Riche 23 
Low level moisture 
e. Tota tlOuawL Aisi Fpl Se 229 ns 
Showalter & Vertical 
ow aa: low =, 02 AT -.37 
Showalter & Cross 
Total -.72 -.72 - 47 2 Aol 


Cross Total & 
Total Total 79 . 88 He .82 
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The table shows that the absolute values of the coefficients 
ape greater for veering “than for backing winds except in the 
last two correlations. Similar results were also found at 
LPO MST for the major class only. From the above discussion 
we may say that on major lightning days the correlations 
between the stability indices were generally higher for 
veering than for backing winds in both 0500 and 1700 MST 
observations. On minor days, the correlation was smaller 
with veering winds at 1700 MST although some indices may 
have been present in strength on these days. Again here, 

we may generally speak of higher instability in the air 
column when the wind is veering with height. Backing winds 
are expected to be associated with cold fronts on lightning 
days. 

Days having winds veering with height in the lower 
troposphere along with winds backing in the middle and upper 
troposphere were also found in major and minor classes. 
These days were characterized by warm air advection in the 
lower levels and cold air advection aloft. As a result, 
there was sufficient instability in the air column to 
produce air-mass thunderstorms on these dayvsay Ovhnerplignt— 
ning storms may have occurred due to the vertical motion 


induced by unstable warm air rising over a wedge Olegold air. 
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CHAPTER FIVE 


CONCLUSIONS 


Observations show that thunderstorms often occur in 
more or Jess distinet patterns, and it. is customary to speak 
of air-mass thunderstorms, line thunderstorms and frontal 
thunderstorms. Air-mass thunderstorms develop locally where 
the lapse rate has become steep, e.g., as a result of diurnal 
heating. Line thunderstorms are organized into narrow belts 
or bands in the direction of the winds at low levels. Frontal 
thunderstorms develop usually with cold fronts if the warm 
air is convectively unstable and they move along with the 
fronts. Although there was no distinction made in this study 
to the type of thunderstorm which caused lightning, the 
difference between the effect of frontal and air-mass thunder- 
storms was recognized in several parts of this work. In what 
follows, concluding remarks will be given for each of the 


parameters studied earlier. 
THE VERTICAL TEMPERATURE PROFILE 


The vertical distribution of temperature on Tightning 
days is different from that on no-lightning days. Major 
days are usually warmer by about 2.5 to 4 C than no-lightning 
days in the lower layer and by smaller amounts at higher 
levels. Minor days reported 2 to 3 C higher than no-light- 
ning days in the lower layer but there was a small difference 
AlOrt., AS a result, addition cr hedt to Che Dower tevels of 


the troposphere assists thunderstorms to develop although 
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mechanical lifting by fronts may be enough Tor their 
occurrence. In the present study the warming on lightning 
days was appreciable up to the 650-mb level and it was 


maximum in the 850- to 800-mb layer. 


THE LOW LEVEL MOISTURE 


The formation of cumulonimbus clouds requires 2 high 
moisture content in the atmosphere. Low-level moisture 
represents the main supply of water vapor to the cloud 
formation. Although the threshold value of the lowest 50- 
mb mixing ratio is 3 g/kg for having a lightning day as 
shown on Figures 2.3 and 2.4, the probability of lightning 
occurrence does not become 50 per cent unless the low-level 
mixing ratio is over 7 g/kg. High moisture content on no- 
lightning days must be associated with stability conditions 
such as subsidence or low-level cold air advection and a 


high-level warm air advection. 
SURFACE PRESSURE AND ITS RATE OF CHANGE 


Surface pressure alone does not distinguish well 
between the different classes. It has a wide range of values 
on tiehtning days. “surface pressure’ may be used as a restric- 
tive parameter for it is noticed that lightning occurrence 
in Whitecourt region reduced when the station pressure of 
Edmonton Stony Plain (766 m) was above 928 mb during the 
day. The 12-hour change in surface pressure did not dis- 
criminate well between minor lightning and no-lightning at 


1700 MST. At 0500 MST there was a distinction between 
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lightning and no-lightning days but a little difference 
between major and minor lightning. This parameter should 


then be used carefully when preparing a lightning forecast. 


RATE OF CHANGE IN 500-MB HEIGHT 


The 12-hour change in 500-mb height separates lightning 
and no-lightning. days in general but it has little signifi- 
cance cto the occurrence of major lightning as shown on 
Figures 2.8 and 2.9. If a rise of 50 m or more takes place 
at 500=<mb level between 0500 and 1700 MST, the incidence of 
lightning drops sharply while a fall of 50 m or more will 
giveeca probability more «than -75:+pen -cent that. lichtnines 


OCeuns jduring® the vday. 


THE SHOWALTER INDEX 


The Showalter index best differentiated among the three 
lightning classes. The probability distributions of Figures 
2.10 and 2.11 show that a negative value of Showalter index 
Ste US00eMOl-OPwiOleMoieproguces a probability more thar 
70 per cent that lightning occurs during the day. The 
phobabidaty increases to 95 per cent if the index value 


reaches -3 and decreases sharply if it is above +5. 


THE TOTALS INDEX 


The three totals indices reliably distinguish between 
lightning and no-lightning in general. The Poteal Motvaiea¢ 
very highly correlated with the Showlater index as both 
measure basically the same thing. The Total Total may then 


be used instead of the Showalter index for forecasting 
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lightning. Great attention must be paid to a few cases where 
the lapse rate will be steep, giving rise to a high Vertical 
Total with a little support of moisture. Otherwise, the 
three totals indices can be useful in lightning prediction. 

A large number of lightning days reported values of Total 
Total greater than 44, values of Cross Total greater than 


lf and values of Vertical Total greater than 27 at I'700° MST. 
THE WET BULB ZERO HEIGHT 


The previous results show that lightning days are 
usually associated with higher wet bulb zero level. A large 
number of lightning days were characterized by a height of 
wet bulb zero between 2700 m and 3900 m. The wet bulb zero 
height may not be used alone as a single predictor as it 
gives a little distinction between lightning and no-lightning 
days. Cold fronts lower feo nee bulb zero considerably and 


yet they produce lightning activity. 
THE SURFACE MAXIMUM TEMPERATURE 


The maximum Len eeec ire at the surface is useful for 
the air-mass thunderstorms but it has little significance 
otherwise. Over the number of days studied here, this 
parameter proved that it can not be used alone to give a 


reliable forecast of lightning. 


THE UPPER-LEVEL WIND 


On major lightning days, veering of wind with height 


was observed more than backing. At 850-mb level winds from 
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the south were observed more than from any other direction. 
This southerly wind was also strong and it transported heat 
and moisture to the lower layers on major days. The wind 
Shift on veering days happened to be largely in the lower 
levels as it is associated with warm air advection at these 
levelsn 

On minor days, backing of wind with height was more 
frequent. On these days it may be said that cold fronts 
passing over the region represent the important mechanism 
in lightning occurrence. The high-level wind was stronger 
on minor days. 

On no=-lightning days there was little wind shift with 
height and the change was probably due to cold air advection 
in low levels and warm air advection aloft. 

In several cases of lightning days there was veering 
of wind in the lower levels and backing of wind aloft. These 
situations must also be characterized by high instability 


due to warm air advection below and cold air advection aloft. 


GENERAL REMARKS 


In this study the weather information of 
Edmonton Stony Plain was taken to represent the air over- 
lying the Whitecourt region. On some occasions, because of 
the distance between the two localities, the air mass over 


Whitecourt will not be represented by the data from Stonv 


Plait. 


In addition to the above remark, it should also be 
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74 
realized that the lookout men do not observe the weather 
during the night. This™could result ina lightning day 
which was actually classified as "no-lightning day" in the 
previous analysis. Other missing reports from the lookouts 
may have given, rise to inaccurate classification of days’. 

In spite of the above mentioned possible errors and of 
the short term statistics, tnis study has shown 
that weather parameters and stability indices can be useful 
in distinguishing between lightning and no-lightning weather 
conditions. It is hoped that the given results will be helpful 


to.the forecaster in predicting occurrence of lightning. 
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